Local applications of neomycin, chlorhexidine, and polymyxin have been shown in controlled trials to protect burns against colonization by various pathogens, including Pseudomonas aeruginosa and Staphylococcus aureus (Cason and Lowbury, 1960; Lowbury, Miller, Cason, and Jackson, 1962b) ; earlier studies had shown the effectiveness of polymyxin cream in prophylaxis against Ps. aeruginosa (Jackson, Lowbury, and Topley, 1951) . Though clinically useful, these prophylactic effects were limited, especially in the more extensive burns, and the emergence of neomycin-resistant Staph. aureus reduced their value (Lowbury, Babb, Brown, and Collins, 1964) . The search for more effective methods was therefore continued.
Silver nitrate was formerly used on burns to accelerate the formation of dry slough (Bettman, 1936 ;  Kalt, 1851) . Recently Moyer, Brentano, Gravens, Margraf, and Monafo (1965) reported very successful results of treatment for extensive burns by application of compresses soaked in 0.5% silver nitrate solution ; the method was claimed to prevent infection by various pathogens, including Ps. aeruginosa, which is widely recognized as a primary cause of death in extensively burned patients. In the same year Lindberg, Moncrief, Switzer, Order, and Mills (1965) reported a comparable control of wound sepsis by the local application of a cream containing 10% p-aminomethylbenzene sulphonamide (Sulfamylon).
Another approach in the control of infection has been the use of air-conditioning to prevent airborne infection (Bourdillon and Colebrook, 1946 ; Lowbury, 1954) ; further developments on these lines are the use of ventilated isolation rooms and of plastic isolators in which the patient is protected both against airborne contamination and against bacteria transmitted by contact (Levenson, Trexler, LaConte, and Pulaski, 1964 Haynes and Hench, 1966) .
In this paper we describe controlled trials which give evidence of the value of antiseptic prophylaxis for burns (especially silver nitrate compresses). Some studies on aseptic methods, including a trial of ventilated isolation rooms and a preliminary trial of plastic isolators, are also reported. and applied to burns, as described by Moyer et al. (1965) , on gauze compresses as soon as possible after admission of the patient and after shock was controlled. The gauze was retained in place with bandages and kept moist by three-hourly additions of the antiseptic solutions. The dressings were changed daily. Silver nitrate (0.5%) cream and penicillin G (1,000 units/g.) cream were made up in a lanette wax base (Colebrook, 1950) , which was adopted after tests had shown that it was compatible with silver nitrate. The cream was applied to burns on gauze in an air-conditioned dressing-station, as described elsewhere (Jackson et al., 1951) . Dressings were applied on the day of admission and usually changed every two or three days, or at shorter intervals when they became soaked with exudate.
Exposed burns (on face and neck) of patients in the groups receiving treatment with silver nitrate compresses and creams or chlorhexidine compresses were treated with applications of solutions of these agents two-hourly; exposed burns of patients in the control (penicillin cream) group received no local antibacterial application.
The local antibacterial applications were used continuously from the day of admission until the day of operation or (in partial-skin-thickness burns) until the burn was healed.
Serum levels of electrolytes were determined on the day after admission and then twice weekly.
All patients treated with silver nitrate had the following daily supplements of electrolytes by mouth, in dosage related to the body weight and area of burns: sodium chloride (10-30 g.), calcium lactate (4-8 g.), and potassium glutamate (80-120 mEq). If more than 15 g. of salt was given daily in the diet, 30-80 ml. of molar sodium lactate was also given by mouth to prevent acidosis (Moyer et al., 1965) .
All patients were treated with oral cloxacillin (250 mg. sixhourly for seven days).
Bacteriological Study
Swabs moistened with 10 % broth-saline were taken daily from the burns treated with compresses or exposed, and at changes of dressings from those treated with cream ; they were inoculated on culture media with a minimum of delay (usually within half an hour). Cultures on horse blood agar (with 4% agar), on improved cetrimide agar (Brown and Lowbury, 1965) , and in cooked meat broth were set up and examined as described elsewhere (Lowbury, 1960; Lowbury, Lilly, and Wilkins, 1962a) ; for the identification of Gram-negative rods methods described by Cowan and Steel (1965) they had no effect against coliform bacilli (see Table II ). Although some of the strains of coliform bacilli were itresistant" to silver nitrate (see Table IV ), many sensitive strains were also found on burns treated with silver nitrate compresses. These organisms, unlike Ps. aeruginosa, were of types commonly found in faeces, and were probably acquired in burns from the patients' own flora before silver nitrate treatment began. The application of silver nitrate compresses (see below) has not been found to remove orgaissalready, colonizing a burn. a~~= 18-9, P < 0-001.
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Blood Cultures Bacterial growth from two bottles was obtained in 3/24 cultures from patients in the series treated with silver nitrate compresses ; none of these yielded Ps. aeruginosa. There were 9/33 positive cultures (two bottles) in the series treated with silver nitrate cream, and 8/27 positives in the series treated with penicillin cream and in the series treated with chlorhexidine compresses. Ps. aeruginosa was found in one culture from each of these three series.
Sensitivity of Burn Flora to Silver Nitrate
Because silver is precipitated by chloride in culture media, the results of tube or plate dilution tests cannot be adequately expressed as the minimal inhibitory concentration of the salt. But though most of the silver is precipitated even the small concentration of silver ions in equilibrium with precipitated silver chloride is bactericidal. Most strains of Ps. aeruginosa and other bacteria from burns do in fact show a sharp endpoint in tube or plate dilution tests, and it is possible to distinguish differences in sensitivity of strains by this method. Table IV shows the results of testing strains of burn flora by plate dilution tests (plates were used for most of the tests because the results of replicate tests were more consistent in the plate than in the tube dilution method). All of the strains of Ps. aeruginosa tested were inhibited (most of them completely) on plates of agar containing initial concentrations of silver nitrate much below 0.5 %. Most strains, including those isolated from burns treated with silver nitrate compresses in this unit, showed end-points within a range of initial dilutions between 0.001 and 0.002%, but a few strains were slightly more resistant. Two strains showing greater resistance (not included in Table IV patients' morale improved and they said they were more comfortable. Gauze compresses were changed daily, and they were often found to adhere to burns of partial skin-thickness; bleeding often occurred on removal of the compresses, even when they were soaked with silver nitrate solution. In one case the loss of blood after several dressings was so great that a blood transfusion had to be given.
The staining of the skin, bedclothes, dressings, and walls by the silver compound looked dirty, but this was partially camouflaged by the use of dark-blue sheets.
Slough Separation Time.-The mean time from the day of injury to the day when full-skin-thickness burns were ready for operation was nearly four days longer in burns treated with silver nitrate compresses (21.1 days) than in those treated with penicillin cream (17.3 days). A similar difference between burns treated with neomycin-chlorhexidine tulle gras and controls treated with penicillin cream was reported earlier and thought to be due to the exclusion of proteinase-producing bacteria by the more active antibacterial application (Lowbury et al., 1962b 
Mortality
The observed mortality of the small series of patients treated with silver nitrate compresses was lower (2) than the expected mortality of 2.5, estimated on the basis of patients' age and area of burns (Bull and Fisher, 1954) . When the pilot study was grouped with the controlled trial, 16 patients were treated with silver nitrate compresses. Two of these patients died, and the expected mortality of the series was 2.8. One of the patients in this group who survived was a girl of 10 years with burns (mostly of full-skin-thickness) extending over 73 % of the body surface; the burn did not acquire Ps. aeruginosa during treatment, but a heavy growth of E. aerogenes and Bact. anitratum was grown from most of the burns. Five of the patients in the silver nitrate cream series and two of those in the penicillin cream series died ; the expected mortalities were respectively 3.7 and 2.0.
'Serum Electrolyte Levels
The mean concentrations of sodium (135.1 mEq/l.), potassium (4.5 mEq/l.), and chloride (99.3 mEq/l.) and the alkali reserve (24.25 mEq/l.) in the serum of patients treated with silver nitrate compresses were within normal limits. To determine the prophylactic value of silver nitrate cream as a routine prophylactic application in a burns unit, a controlled trial was made on patients admitted with fresh burns of up to 20% of the body surface. Alternate cases were allocated for local treatment with silver nitrate cream (0.5 % in a lanette wax emulsion base) and to a control series in which penicillin cream (1,000 units/g.) was applied. The conduct of the trial and the bacteriological study were carried out in the manner described previously (see Lowbury et al., 1962b , and above). 
Comparability of Patients in Trial

Toxicity of Silver Nitrate
Use of silver nitrate for prophylaxis against Ps. aeruginosa raises the question of whether there is a risk of argyria, the permanent discoloration of the skin remote from the site of application of the silver and usually occurring in areas exposed to light; we have seen no clinical evidence of this.
It seemed possible, however, that silver might be transported in the blood stream and deposited elsewhere. Table VI shows the silver content of tissues from patients with burns. The skin examined was from a skin-graft-donor site carefully pro- It will be seen that silver content of the tissues from burn patients are lower by a factor of 17 times for liver, 63 times for kidney, and 85 times for brain than the corresponding tissues for argyria patients. The available data show that less silver accumulated in the patients with burns than in the cases of argyria reported in the literature. Hill and Pillsbury (1939) suggest that the danger of argyria is very slight if the total amount of silver nitrate ingested by mouth is below 6 g. In 192 cases of generalized therapeutic argyria listed only one resulted from treatment of a burn with silver nitrate.
Pilot Studies
In addition to the controlled trials reported above several pilot studies on local antibacterial prophylaxis were made. Sulfamylon was applied, with dressings, to bums of two patients in a cream containing 10% of the agent. Both patients complained of severe pain, so the treatment was abandoned before its prophylactic value could be assessed. In a pilot controlled trial a gel containing 2.5 % polynoxylin and a tulle containing framycetin, polymyxin, and bacitracin showed promise of useful prophylaxis, but polynoxylin caused pain, irritation, and diszomfort, and also adherence of dressings. (Barber and Kuper, 1951) were exposed every day for five hours in all cubicles. Burn flora were examined as described above.
The mean counts of total organisms and of presumptive Staph. aureus on settle plates per hour were lower in the airconditioned rooms (55.2 + 2.3 and 3.3 + 0.3 respectively) than in the window-ventilated rooms (82.7 + 2.9 and 6.6 0.7 respectively). There was, however, as high an incidence of acquired Staph. aureus (24/32), Str Of the two other patients in isolators one (14% bum) acquired Ps. aeruginosa on the tenth day and the other (13 %) acquired the organism on the ninth day (sparse and transient contamination).
A controlled trial on the use of isolators is in progress and will be reported later. The bacteriological effects of silver nitrate compresses were matched by good clinical results, including significantly lower mean temperature and respiration rates than those of the controls, and the mortality of the patients was also lower than that expected on the basis of their age and the area of burn, though the numbers were too small for significance. Though the mean slough separation time was longer in the burns treated with silver nitrate compresses than in those of the control series, the skin-grafting results were better in the former. Prolonged slough separation times had previously been found also in burns treated with neomycin-chlorhexidine-tulle gras, but in that series skin-grafting results had been poorer than in burns of the control series ; this prolonged slough separation was thought to be due to the suppression of proteinase-producing bacteria by the agents applied to the burns associated with dryness of the burn (Lowbury et al., 1962a) .
Evidence from preliminary studies suggests that patients treated in ventilated plastic isolators receive useful protection against hospital flora-for example, Ps. aeruginosa, which has usually appeared in patients with more than 10% of the body surface burned (Lowbury and Fox, 1954) (Jackson et al., 1951; Cason and Lowbury, 1960 (Lowbury, 1954 Jones and Lowbury, 1966) , and (b) the use of hyperimmune sera (Millican and Rust, 1960; Feller, 1966; Jones and Lowbury, 1965; Jones, Jackson, and Lowbury, 1966) . Prophylaxis against infection in patients with smaller burns, though less imperative, is desirable not only for the prevention of sepsis and graft failure in the patients so treated but also for the control of infection in the ward. Silver nitrate cream, possibly with the addition of chlorhexidine or of an antibiotic active against staphylococci and coliform bacilli (for example, gentamicin), might be a suitable choice for burns treated with dressings; more work is needed to establish the optimum concentration of silver nitrate and the most suitable additional agents for use in creams. Powders and sprays have shown limited prophylactic value for burns treated by the exposure method (for example, Lowbury et al., 1962b) ; the most effective prophylaxis for exposed burns can probably be obtained from the use of isolators together with systemic prophylaxis by antibiotics.
The limited reduction in airborne bacteria achieved by the use of portable air-conditioning units was apparently too small to cause any reduction in infection of burns. A more effective ventilation system would possibly have had such an effect, but it seems likely that the chief promise for improvement in the aseptic control of infection lies in the development of isolators. It is important, however, that air-conditioned dressing-stations (or cubicles) should be available for the removal of dressings from patients who are not nursed in an isolator or treated with silver nitrate compresses.
Summary
Methods of preventing contamination of burns are described. Controlled trials showed the outstanding prophylactic value of 0.5 % silver nitrate compresses applied to burns, and significant, though smaller, effects of a cream containing 0.5 % silver nitrate. The greatest effect was against Ps. aeruginosa and Proteus spp.; a trial in patients with extensive burns showed Ps. aeruginosa in 70% of swabs from the control series (treated with penicillin cream), but in only 3.1% of swabs from the series treated with silver nitrate compresses. Several The simultaneous use of antiseptic and aseptic barrier against contamination (silver nitrate compresses and isolators) and of chemotherapeutic or serological barriers against invasion is suggested for the protection of severely burned or " higbrisk " patients.
